Retting, which constitutes a vital step in the production of fibers like hemp, jute, and flax, is essentially a microbial decomposition process and depends upon the property of microorganisms to produce pectic enzymes that decompose pectic substances binding together the fibers. Although considerable information is available regarding the nature and activity of microorganisms involved in retting, (Ruschmann and Bavendamm, 1925a, b; Weizmann and Hellinger, 1940; Ruschmann and Bartram, 1943;  Allen, 1944 Allen, , 1946a Debsarma, 1946; Hellinger, 1953) conspicuously no role, as yet, has been attributed to species of Pseudomonas in this process. The purpose of the present study is to report the dominance of Pseudomonas species in the retting of certain fiber yielding malvaceous plants and to present chemical evidence in support of the ability of these species to decompose pectin.
In his review on the utilization of pectic substances by microorganisms, Kertesz (1951) has rightly emphasized the need to add to our knowledge concerning the pectin fermenting bacteria which at present is limited and fragmentary. Of the 35 strains of plant pathogenic and fluorescent pseudomonads screened by Oxford (1944) , for instance, only 6 strains could degrade pectic acid but the method adopted by him for detecting pectic acid decomposition was crude and qualitative in nature. Barinova's (1946) study, on the other hand, was confined to an analysis for the amount of pectin fermented by Clostridium felsineum and Bacillus acetoethylicus (Bacillus macerans). A complicating factor in the evaluation of earlier work in this direction was the impurity (nonpectic substances) contained in the pectic materials used in such work. In many reports, there is no mention of the kind of pectin used. McCoy (1952, 1955) , however, had investigated in detail the fermentation of citrus pectin and pectic acid by C. felsineum and Bacillus polymyxa, but their report was limited to an investigation of these two bacteria. In the present investigation, we have put to test several isolates of Pseudomonas for their ability to ferment pectin in vitro. These isolations were made by enrichment culture method from the retted liquors of malvaceous plants.
EXPERIMENTAL METHODS AND RESULTS
Enrichment and isolation of pectin decomposing bacteria. Malachra capitata, a good substitute for jute (Betrabet and Navalkar, 1956) , and Hibiscus cannabinus were used for retting. The rettings were carried out both at room temperature (24 to 26 C) and at 37 C.
A medium of the following composition in 100 ml distilled water was used: Citrus pectin,' 1 g; Na2HPO4, S. M. BETRABET AND J. V. BHAT 0.08 g; KH2PO4, 0.02 g; NaCl, 0.005 g; MgS04*7H20, 0.05 g; FeSO4.7H20, 0.001 g; CaSO4-2H20, 5 ml (sat. sol); (NH4)2SO4, 0.05 g; micronutrient solution,2 1 ml. This medium adjusted respectively at pH 7.0 and 4.8 was employed for the isolation of bacteria and molds and/or yeasts.
On the third day of retting, 1 ml of retted liquor was inoculated into the enrichment medium and incubated aerobically at room temperature and 37 C.
In every case, vigorous fermentation detected by gas formation was observed within 24 hr; after two successive transfers, inoculations were made on solid medium of the same composition. This mediuin proved to be satisfactory for both the isolation and purifica-2 Per 100 ml distilled water: ZnSO4-7H2O, 1.1 g; MnSO4-H20, 0.5 g; CoS04, 0.005 g; H3BO3, 0.005 g; Na2MoO4, 0.2 g; CuS04-5H20, 0.0007 g. tion purposes. In all, 40 pure cultures were isolated in this way.
For the isolation of pectin decomposing anaerobes, 0.05 per cent of sodium thioglycolate was incorporated in medium 1, at pH 7.4. The enrichments were set up with inoculum made in the following ways. On the third day of retting, the effluent in each flask was shaken thoroughly and used for inoculum. Separately inoculum was developed by using a few pieces of retted straw which were triturated in sterile distilled water under aseptic conditions. These served as inocula for the media in sterile, glass-stoppered bottles. Isolation from these enrichments were carried out by the shake culture method of Burri (1902) using a solid medium containing 1.5 per cent agar. By the repeated use of the shake culture method, six anaerobic strains were isolated in pure culture for further study. The anaerobe could ferment pectin and, as such, was identified as Clostridium butyricum var. pectinovorum in contradistinction to typical C. butyricum which does not ferment pectin.
Identification of microflora isolated from decomposing pectin. The Manual of Methods for Pure Culture Study of Bacteria (SAB, 1946) To study the coliform and the pectin decomposing flora, MacConkey's agar and pectin agar were also used initially along with NA. All the types of organisms growing on pectin agar were, however, found to be similar to those growing on NA. MacConkey's agar did not prove to be of any special advantage for the appearance of coliforms. Hence NA alone was utilized for plate counts on all subsequent occasions.
Representative samples of the effluents were withdrawn aseptically from the respective laboratory rets at intervals of 24 hr throughout the retting period. Serial dilutions of these samples up to the 10-v and 10-8 were prepared in sterile distilled water and plated in duplicate on NA; higher dilutions were made in the case of aerated effluents. (Aeration was effected by diffusing air through the rets.) The counts were made and the dominant organisms were isolated, purified and identified. Simultaneously, 1 to 1.5 L of the effluents were set aside for the estimations of volatile acids.
The effluents were adjusted to pH 7.8 and the volumes were reduced to 10 ml each by evaporating on a boiling water bath. These concentrated effluents were adjusted to pH 2 and steam distilled. The partition chromatography technique recommended by Neish (1952) was employed for the estimations of the individual volatile organic acids. monas was inoculated into culture tubes, each containing 5 ml of liver pectin medium, and incubated at room temperature. After 24 hr, the culture tubes were shaken well to obtain uniform suspensions and 0.05 ml was used as inocula for the flasks containing this medium. All the flasks were incubated at room temperature.
At intervals of 24 hr anid on 4 consecutive days, one flask of each fermentation was subjected to the following analyses. The pH was determined and the titrable acidity estimated on 5 ml aliquots adopting the method followed by Potter and McCoy (1952 general. Among the aerobic microflora that developed in the aerated and unaerated rets, these species clearly dominated in both the series. Aeration during retting, however, facilitated to a greater extent the development of these species almost to the excluision of the other forms of life during the first 72 hr and un(ler the laboratory conditions. Studies with pure cultuires of Pseudomonas species showed that they rapidly decomposed pure pectin. These observations would suggest that the species of Pseudomonas have an outstanding role in the process of retting, particularly under aerobic conditions, and that the greater part of the pectin decomposition observed during the process could be explained by the activities of Pseudomonas.
Another point of considerable interest is that Pseudomonas species seem to dwindle in the pectin enrichments and the laboratory rets incubated at 37 C, as at this elevated temperature Aerobacter, Alcaligenes, and the Bacillus form the dominant flora. Laboratory studies with the pure cultures also indicated that, for the development of Pseudomonas, temperatures above 30 C were less favorable than those below this level.
Pseudomonas species are known to be aerobic forms. As they developed at a rapid rate in the aerated rets, the systems did not show volatile acids and the pH increased (table 2) . On the other hand, in the unaerated rets in the laboratory, the volatile acids tended to increase notably on longer incubation, a period during which both the pH and the total aerobic flora (including the pseudomonads) began to decrease, thus pointing out other species as being responsible for the formation of volatile acids. The analysis of decomposed pectin by the pure cultures of Pseudomonas also showed only a negligible amount of volatile acids despite the fact that their fermentative action resulted in the lowering of pH and the formation of a considerable amount of titrable acidity (table 3) . This observation is in agreement with the information available on the metabolism of Pseudomonas species. The formation of butyric acid, however, is attributable to the concomitant activity of Clostridium butyricum var. pectinovorum active in those rets. It may be pointed out that, although butyric acid was not detected in the liquors derived from the aerated rets, the presence of the clostridia was demonstrable by the cultural methods, thus confirnming Allen's report (1946a) 
